Two completely random digestion trials were conducted, each with 12 beef steers (325 kg initial weight), to measure changes in digestibilities of fat and of forage components when fat was added to diets containing 62 to 76% wheat straw. Trial 1 diets contained either no added fat or 6.3% added fat from whole cottonseed (30% of the diet), cottonseed oil or animal fat; diets were formulated to contain equal levels of cottonseed hulls and cottonseed meal. Trial 2 diets contained 0, 2, 4 or 8% added animal fat. In all forms and at all levels, added fat increased apparent digestibility of dietary lipid (P<.05). However, estimated true digestibility of lipid decreased (from 94 to 71%) as added fat was increased from 0 to 8% (P<.05). Up to 6.3% added fat increased digestible energy (DE) content of the diet. Fat additions of 2 and 4% increased daily DE intake (P<.05) and did not depress digestibility of diet components (P>.05). Fat additions of 6.3% or greater, either as free fats or as whole cottonseed, reduced (P<.05) mean acid detergent fiber digestibility from 40 to 28%~ In addition to depressing fiber digestibility, 8% added fat reduced (P<.05) digestibilities of dry matter (from 54 to 47%), organic matter (60 to 52%) and gross energy (60 to 51%). Oil fed as whole cottonseed caused digestibility depressions similar to free fat addition at the same level. These data are interpreted to show that up to 4% fat may be added to low quality forage diets without depressing digestion of diet components. Addition of 2 to 4% fat may be expected to stimulate feed intake and increase DE intake by steers. Attempts to increase caloric density of low quality forage diets by fat additions greater than 4% may be counterproductive.
Introduction
Addition of fat to diets containing chopped forages reduces feed dustiness and increases gross energy content, but may have negative effects on digestibility of diet components (Erwin et al., 1956; Bohman and Lesperance, 1962) . Most research with fat additions to ruminant diets has been conducted using sheep or dairy cows; few reports are available with data from beef cattle on high-forage diets. Available studies indicate additions of 5 to 7% fat in high-forage diets depresses dry matter and fiber digestibilities by steers (Erwin et al., 1956; Murphy and Morgan, 1983; Jenkins and Palmquist, 1984) , but not by sheep (Grainger et al., 1957; White et al., 1958; Dijkstra, 1969) or lactating dairy cows Conrad, 1978, 1980; Jenkins and Palmquist, 1984) . Up to 25% whole cottonseed in diets for lactating dairy cows increased digestibility of N, ether extract and energy without depressing fiber digestibility (Smith et al., 1981) , but information concerning the response of beef cattle on low quality forage diets to this high (20%) fat feedstuff is not available.
If the energy density of diets high in wheat straw could be elevated by addition of fat or whole cottonseed, levels of animal performance might be increased and cost of gains reduced. The purposes of this study were: 1) to compare three fat sources (animal fat, whole cottonseed and cottonseed oil) in high-forage diets and 2) to study incremental additions of animal fat to diets high in wheat straw for beef steers.
6.3% added fat from whole cottonseed (30% of the diet), cottonseed oil or animal fat (table 1) ; diets were formulated to contain equal levels of cottonseed hulls and cottonseed meal. For trial 2 (increasing levels of added fat), steers from trial 1 were reassigned to four groups, with the restriction that no group would have more than one steer from a previous treatment, and randomly allotted to wheat straw diets with O, 2, 4 or 8% added animal fat (table 2) . Diets in both trials were formulated to contain equal levels of protein and Ca. Wheat straw was chopped through a 2.54-cm screen in a hay mill before mixing with other diet ingredients. Cottonseed oil and animal fat (melted) were added to the diets at the time of mixing.
Steers were individually fed in 2.4-• 4.9-m pens with concrete floors. Each digestion trial consisted of a 21-d preliminary period, followed by 7 d total fecal collection. Steers had ad libitum access to feed for the first 18 d, then feed intake was kept constant for the remainder of the period at a level judged to be maximum for each steer. Steers were fed equal portions twice daily, at 0800 and 1400. Feed samples and refusals were taken daily. Fecal samples were dried at 50 C in a forced-air oven, and all samples were ground through a l-ram screen before analyses.
Nitrogen (using a Technieon Autoanalyzer), dry matter (DM) and organic matter (OM) analyses were performed according to AOAC (1980) . Gross energy (GE) was determined by isoperibol operation of a Parr oxygen bomb calorimeter (Parr Instrument Co., 1982) ; acid detergent fiber (ADF) was measured according to Goering and Van Soest (1970) . Lipid was extracted using both chloroform-methanol (CM) and chloroform-methanol-hydrochloric acid (CMH) by the method of Heath and Hill (1969) as adapted by Marchello et al. (1971) . Insoluble saponified fatty acids in the feces (fecal soaps) were calculated as the difference between CMH and CM extracts as suggested by Figroid (1971) . Feed samples were analyzed for P (Technicon Autoanalyzer) and Ca (atomic absorption speetrophotometry) according to AOAC (1980) . Data from both trials were subjected to analysis of variance for a completely random design (Steel and Torrie, 1960) . In trial 1, the diet effect was partitioned into orthogonal single degree of freedom contasts for control vs all forms of added fat, whole cottonseed vs free fats (cottonseed oil and animal fat) and cottonseed oil vs animal fat. In trial 2, Duncan's Multiple Range Test was used to locate differences between treatment means following a significant F-test.
Results and Discussion
Trial 1. Digestible energy concentration was higher (P<.05) in the diets with added fat than in the control diet (table 3) . However, DE intake was not higher on the added fat diets because DM intake tended to be lower on these diets compared with the control. All forms of added fat depressed ADF digestibility (P<.05) and increased apparent digestibility of lipid, whether determined by extraction with CM or CMH (P<.05). Dry matter, OM and GE digestibilities were not different (P>.10) between control and added fat diets and digestibilities of OM and GE were not different among sources of added fat. Digestibility of DM was higher (P<.05) for the whole cottonseed diet than for the diets containing free fats. Crude protein (CP) digestibility was highest in the whole cottonseed diet, which may have been due to its higher CP content (table 1) . Saponified fecal lipid (table 3) tended to be higher for the diets containing added fat than for the control (P<.10), but was not different among the added fat diets.
Trial 2. Digestible energy content of the diet and DM intake/kg body weight "Ts tended to be higher for the diets with 2 or 4% added fat than for those wih 0 or 8% added fat (table 4). Daily DE intake was higher (P<.05) for steers fed the 4% fat diet than for those fed the 0 or 8% fat diets. Digestibilities of ADF, DM, OM and GE were not affected by additions of 2 or 4% fat, but were depressed (P<.05) by the highest level of added fat. Apparent lipid digestibility determined by CM extraction increased with each increment of fat addition (P<.05). Diets with added fat also had higher apparent digestibility coefficients for CMH-lipid than the control diet, but apparent digestibility of CMH-lipid did not increase (P>.05) when added fat was increased from 4 to 8%. Saponified lipid in the feces increased nearly twofold as the dietary fat level increased from 4 to 8% (P<.05). Daily intake and fecal excretion of CMHlipid increased (P<.05) as level of added fat in the diet increased (table 5) . Fecal CMH-lipid excreted/100 g DM intake was similar for diets containing 0 to 4% added fat, but was much higher (P<.05) for the diet with 8% fat. Simple linear regression of fecal CMH-lipid/100 g DM intake vs CMH-lipid intake by steers on 0, 2 and 4% fat diets (r=.93) was used to estimate metabolic fecal fat (3.10 g CMH/100 g DM intake) in order to calculate true digestion coefficients for dietary CMH-lipid. There was a sharp decrease (P<.05) in the estimated true digestion coefficient for CMH-lipid when the level of added fat was increased from 4 to 8%. As a result, and despite the 170 g/d greater CMHlipid intake on the 8% fat diet, daily absorption of CMH-lipid (estimated by multiplying daily lipid intakes by the calculated true digestion coefficient) was not different between the 4 and 8% fat diets.
Discussion
Results of this study are consistent with available published data in demonstrating that utilization of high-forage diets is depressed when fat additions exceed approximately 5%, although diet composition and ruminant species used for evaluation may influence the level at which fat additions have detrimental effects. In the current study, addition of up to 4% fat to wheat straw diets for steers was beneficial, since DE intake was higher and digestibilities of major diet fractions were not depressed.
The indication that 6.3% fat is above the optimal level to add to wheat straw diets for steers (even when the fat is fed as whole cottonseed) is reflected in the depression of ADF digestibility for all diets with added fat in trial 1 ( animal fat/d (Bohman and Lesperance, 1962) and with dairy steers fed 5% animal fat in 50% hay diets (Murphy and Morgan, 1983 ; Jenkins and Palmquist, 1984) . Fiber digestibility was not depressed when 5% fat was added to the concentrate portion of diets for lactating dairy cows Conrad, 1978, 1980) . In another digestion study with dairy cows, no depression in fiber digestibility was observed with up to 25% whole cottonseed in 50% alfalfa hay diets (Smith et al., 1981) , which would be equivalent to approximately 5% added fat. Sheep on high-roughage diets appear to tolerate higher dietary fat than steers, since 5 to 7% corn oil does not depress cellulose digestibility if calcium in the diet is adequate (Grainger et al., 1957 (Grainger et al., , 1961 White et al., 1958; Davison and Woods, 1961, 1963) . The absence of depressed digestibilities of DM, OM and GE in trial 2 (table 4) when fat was added at up to 4% of the diet is consistent with most studies with steers on concentrate or 50% hay diets. In studies where 4 to 4.5% fat was added to concentrate diets, no depressions in DM or GE digestibilities were observed (Esplin et al., 1963; Roberts and McKirdy, 1964; Hale et al., 1965) . Jenkins and Palmquist (1984) observed no depression in DM digestibility when 4.5% tallow fatty acids were added to 50% hay diets for Holstein steers, but 5% added tallow depressed DM digestibility by steers on 50% hay diets (Murphy and Morgan, 1983) .
Interpretation of published lipid digestibilities is complicated because the method used for lipid extraction influences the digestibility coefficient. The most common method is ether extraction, but high levels of dietary fat can result in the formation of fecal soaps that are insoluble in ether (Bohman and Lesperance, 1962; Roberts and McKirdy, 1964; Dijkstra, 1969; Figroid, 1971) . If fatty acids combined in fecal soaps are not detected, lipid digestion coefficients will be artificially high, as can be seen by comparing apparent digestion coefficients for CM-and CMHqipid in tables 3 and 4. In studies where lipid digestibilities were determined by ether extraction, digestion coefficients increased with addition of fat to diets (Bohman and Lesperance, 1962; Esplin et al., 1963; Roberts and McKirdy, 1964; Hale et al., 1965) . Correcting these lipid digestibilities for fecal soaps lowered digestion coefficients, but the trend toward higher apparent digestibilities for lipid in diets with added fat was similar whether corrected or not (Bohman and Lesperance, 1962) , as it was in trial 2 (table 4) with up to 4% added fat in the diet.
The determination that true digestion coefficients for dietary lipid decreased as fat level increased is in agreement with an earlier report by Palmquist and Conrad (1978) . These investigators calculated a true digestibility for dietary fat of 81% when ether extract in the diet was less than 6%, but only 56% when dietary ether extract level was between 6 and 10%. The effect of lipid intake on lipid absorption noted in this study (table 5) supports the suggestion of Palmquist and Conrad (1978) that the capacity of the bovine small intestine for lipid absorption may be exceeded at high levels of dietary fat.
In the current study, low level (2 or 4%) additions of fat to chopped wheat straw diets tended to stimulate DM intake by steers and did not adversely affect diet digestibility. When fat additions were greater than 4%, even in the form of whole cottonseed, fiber digestion was decreased and DE intake by steers was not improved over diets without added fat. Fat absorption appeared to decline sharply when lipid intake exceeded about 600 g/d. 
